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A commentary on
On the possible role of stimulation duration for after-effects of transcranial alternating current
stimulation
by Strüber, D., Rach, S., Neuling, T., and Herrmann, C. S. (2015). Front. Cell. Neurosci. 9:311. doi:
10.3389/fncel.2015.00311
In their recent article, Strüber et al. (2015) demonstrate that 1s application of transcranial
alternating current stimulation (tACS) do not lead to any significant changes in the phase and
amplitude of the electroencephalogram (EEG) signal. Therefore, they concluded that it is too
short to induce synaptic plasticity. This is a very important observation that sheds light on
possible underlying mechanisms of tACS. Although the results clearly show the absence of certain
specific tACS-induced electrophysiological after-effects when applied only for 1s, some additional
considerations need to be made in order to fully interpret these null results as well as probe the
mechanism of tACS at shorter timescales.
An important question is whether at these smaller time scales, the lack of prolonged entrainment
during the post stimulation session necessarily reflect a lack of tACS efficacy. Alternatively, these
results might also suggest that for 1s stimulation paradigms, we are simply looking at the wrong
electrophysiological measure. At these smaller time scales, changes in measures such as spike rate
adaptation (Fernandez et al., 2011; Kar and Krekelberg, 2014), spike time precision (Reato et al.,
2010), neurovascular coupling (Zheng et al., 2011; Kar and Wright, 2014) are likely to be more
relevant for behavioral aftereffects. The EEG signal typically comprises of synchronized oscillations
across the superficial cortex (for review, see Buzsáki et al., 2012). Hence it might be more sensitive
to changes in entrainment whereas much less sensitive to these subtle effects (which might also
still be behaviorally relevant). However, some of these changes might indeed be a result of changes
in short-term synaptic plasticity (which is a very broad term). It must however be noted that the
aforementioned mechanisms could also be a direct result of network entrainment during tACS but
lack entrainment related features in the EEG measured at the scalp in the post tACS session. One
way to test this hypothesis further, would be to use the method introduced by Helfrich et al. (2014)
to remove the tACS-induced artifacts for the 1s tACS period, and estimate changes in EEG during
stimulation. This would be very informative to test whether tACS applied at the individual alpha
frequency (IAF) for 1s could entrain the underlying cortex at all. Then we would be able to say
whether the lack of effect is despite similar entrainment during tACS.
The effects of tACS on the underlying cortex often depends on the presence of an experimental
task that actively recruits the underlying brain area or otherwise, produces a specific brain state. For
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instance, Kar and Krekelberg (2014) demonstrated, that tACS
induced changes in human motion discrimination performance
is only present when tACS was paired with the visual motion
stimulus. Ten Hertz tACS applied for 4s reduced the after-effects
of motion adaptation and the effects scaled with how much
adaptation there was to begin with. Similarly, Feurra et al. (2013)
also demonstrated the state dependent effects of tACS on the
motor cortex. Given this brain state dependency of the tACS
induced effects, it remains unclear whether the lack of tACS-
induced aftereffect reported in the study could be due to an
absence of an appropriate brain state in the stimulated area. In
this regard, it might be interesting to probe the brain areas while
doing a relevant task.
Choosing the stimulation intensity is also a key consideration
during tACS studies (Groppa et al., 2010). However, it is
crucial to consider the confounding aspects of tACS-induced
phosphenes (Kar and Krekelberg, 2012) and tactile sensations
(Feurra et al., 2011). I argue that lower stimulation amplitudes
might not necessarily control for phosphenes and these low
amplitudes might fail to induce the desired cortical effects
(entrainment). First, the accuracy of the threshold values are
highly depended on the sensitivity of the adaptive method
used to estimate them. In addition, we can never rule out
the effects of subthreshold retinal stimulation during tACS.
Hence, it is important to consider other strategies to design
control experiments to rule out general effects of tACS
(phosphenes, tactile sensations, reduced/increased arousal etc.).
Some recent studies have used brain laterization to test their
hypotheses (Kar and Krekelberg, 2014). But, given the large
current spread during tACS and asymmetries between the two
hemispheres of the human brain, this is not always feasible.
Therefore, control strategies remain a challenging issue for tACS
experiments.
The Strüber et al. (2015) study provides a lead into the
hypothesis that tACS mechanisms vary according to stimulation
duration. This can be addressed in future experiments, where
the stimulation duration can be varied as an independent
variable to systematically map out its relationship with the boost
in entrainment, changes in coherence and other short-term
plasticity related changes.
REFERENCES
Buzsáki, G., Anastassiou, C. A., and Koch, C. (2012). The origin of extracellular
fields and currents–EEG, ECoG, LFP and spikes. Nat. Rev. Neurosci. 13,
407–420. doi: 10.1038/nrn3241
Fernandez, F. R., Broicher, T., Truong, A., and White, J. A. (2011). Membrane
voltage fluctuations reduce spike frequency adaptation and preserve output
gain in CA1 pyramidal neurons in a high-conductance state. J. Neurosci. 31,
3880–3893. doi: 10.1523/JNEUROSCI.5076-10.2011
Feurra, M., Pasqualetti, P., Bianco, G., Santarnecchi, E., Rossi, A., and Rossi,
S. (2013). State-dependent effects of transcranial oscillatory currents on the
motor system: what you think matters. J. Neurosci. 33, 17483–17489. doi:
10.1523/JNEUROSCI.1414-13.2013
Feurra, M., Paulus, W., Walsh, V., and Kanai, R. (2011). Frequency specific
modulation of human somatosensory cortex. Front. Psychol. 2:13. doi:
10.3389/fpsyg.2011.00013
Groppa, S., Bergmann, T. O., Siems, C., Mölle, M., Marshall, L., and Siebner, H.
R. (2010). Slow-oscillatory transcranial direct current stimulation can induce
bidirectional shifts inmotor cortical excitability in awake humans.Neuroscience
166, 1219–1225. doi: 10.1016/j.neuroscience.2010.01.019
Helfrich, R. F., Schneider, T. R., Rach, S., Trautmann-Lengsfeld, S. A., Engel,
A. K., and Herrmann, C. S. (2014). Entrainment of brain oscillations by
transcranial alternating current stimulation. Curr. Biol. 24, 333–339. doi:
10.1016/j.cub.2013.12.041
Kar, K., and Krekelberg, B. (2012). Transcranial electrical stimulation over visual
cortex evokes phosphenes with a retinal origin. J. Neurophysiol. 108, 2173–2178.
doi: 10.1152/jn.00505.2012
Kar, K., and Krekelberg, B. (2014). Transcranial alternating current stimulation
attenuates visual motion adaptation. J. Neurosci. 34, 7334–7340. doi:
10.1523/JNEUROSCI.5248-13.2014
Kar, K., and Wright, J. (2014). Probing the mechanisms underlying the mitigation
of cognitive aging with anodal transcranial direct current stimulation.
J. Neurophysiol. 111, 1397–1399. doi: 10.1152/jn.00736.2013
Reato, D., Rahman, A., Bikson, M., and Parra, L. C. (2010). Low-intensity electrical
stimulation affects network dynamics by modulating population rate and
spike timing. J. Neurosci. 30, 15067–15079. doi: 10.1523/JNEUROSCI.2059-
10.2010
Strüber, D., Rach, S., Neuling, T., and Herrmann, C. S. (2015). On the possible
role of stimulation duration for after-effects of transcranial alternating current
stimulation. Front. Cell. Neurosci. 9:311. doi: 10.3389/fncel.2015.00311
Zheng, X., Alsop, D. C., and Schlaug, G. (2011). Effects of transcranial
direct current stimulation (tDCS) on human regional cerebral blood flow.
Neuroimage 58, 26–33. doi: 10.1016/j.neuroimage.2011.06.018
Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2015 Kar. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Systems Neuroscience | www.frontiersin.org 2 October 2015 | Volume 9 | Article 148
